INTRODUCTION
Capsaicin is the spice extract of red peppers and is easily inhaled, causing a dose-dependent and reproducible cough. 1 In the laboratory, capsaicin is often used to measure the sensitivity of the cough reflex. It is also one of the most widely used seasonings in Korea. Occupational rhinitis (OR) is two to four times more common than occupational asthma (OA) 2 and may be a risk factor for developing OA, although the contribution of workplace exposure to the general burden of rhinitis remains unknown. 3 To date, there has been no published report of OR caused by capsaicin. Here, we describe for the first time a case of capsaicin-induced OR confirmed by a nasal provocation test in a mill worker.
CASE REPORT
A 44-year-old female visited our allergy clinic for progressive nasal congestion, rhinorrhea, and itchy nose. She had no history of allergic diseases or chronic medical illness. She had worked at a mill for 7 years, grinding red pepper; during that time, she was exposed to red pepper powder. Her rhinitis symptoms developed 4 years after starting her job; she had no symptoms prior to the job. Her symptoms began at the start of each work day, were more aggravated upon exposure to red pepper powder, and subsided once outside of the workplace. At presentation,
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http://e-aair.org response was observed. Eosinophil counts in the nasal lavage fluid increased at 10 minutes, was maintained until 30 minutes, and had decreased at the 1 and 3 hours time points (Fig. 1) . The volume and minimum cross-sectional area of the nasal cavity, measured by acoustic rhinometry (ARS 1003; SGS, North Miami Beach, FL, USA), decreased by >25% from 10 minutes until 1 hour after nasal provocation (Fig. 2) . As a control, the patient had a negative response to nasal provocation with Dermatophagoides farinae allergen (i.e., house dust mites). There were no significant changes in the levels of four inflammatory mediators, i.e., vascular endothelial growth factor (VEGF), granulocyte-macrophage colony-stimulating factor (GM-CSF), interleukin-8 (IL-8), and substance P (SP), in the nasal lavage fluid during the nasal provocation test (Table) .
The final diagnosis was OR caused by capsaicin. The patient's rhinitis improved after she transferred out of her workplace and started treatment with antihistamines and intranasal corticosteroids.
DISCUSSION
Occupational allergic diseases such as OR are common, and their prevalence among the workforce is on the rise. Cross-sectional studies have determined that the incidence of OR caused by high-molecular-weight agents such as animal-derived allergens, grain dust, and biological enzymes ranges from 2% to 87%, and the incidence of OR caused by low-molecular-weight agents such as diisocyanates, anhydrides, drugs, and chemicals ranges from 3% to 48%. 2, 3 OR and other allergic diseases have profound effects on workers, resulting in performance deficits, reduced productivity, and psychosocial problems. 1 In our study, the patient developed OR symptoms 4 years after starting her pepper mill job. Nasal provocation tests with capsaicin were positive, with increased eosinophils in the nasal lavage fluid, while the control provocation test with house dust mite allergen was negative. Therefore, we concluded that the patient had OR caused by capsaicin exposure from her workplace.
Capsaicin is a neurotoxin capable of stimulating and/or desensitizing sensory neuron C-fibers by activating the transient potential receptor vanilloid 1 (TRPV1). 4 In animal models, capsaicin releases neuropeptides and induces neurogenic inflammation, including vasodilation and plasma extravasation. 5 However, most clinical studies have shown that capsaicin provokes a secretory response in the absence of vascular permeability, 3, 6 and there is no direct evidence of the release of neuropeptides such as SP, calcitonin gene-related peptide, or vasoactive intestinal peptide in human nasal mucosa. 7 Neuropeptides induce neutrophil adhesion, stimulate the proliferation of human T lymphocytes, and increase inflamma- tory cytokines. 7 Therefore, the leukocyte influx induced by capsaicin may be a nonspecific inflammatory cellular response, 8 although it is unclear whether neurogenic inflammation actually occurs in human subjects. 9, 10 One study concluded that capsaicin caused nasal symptoms and glandular stimulation, without evidence of increased vascular permeability or mast cell activation. 11 More recent studies have suggested that C-fibers themselves, not TRPV1, play a role in allergic airway inflammation. 12, 13 Capsaicin has also been demonstrated to have TRPV1-independent effects, including ion channel activity 14 and calcium influx. 15 Calcium is a powerful stimulus for cell activation and is critical in regulating cellular activities. In a few studies, capsaicin nasal challenge resulted in neurogenic inflammation in patients with allergic rhinitis. 16, 17 In the present study, a nasal provocation test with capsaicin induced symptom development and an immediate increase in eosinophils in the nasal lavage fluid, whereas allergy skin tests with capsaicin solution were negative. Furthermore, epithelial cell-derived cytokines such as GM-CSF, VEGF, IL-8, and SP were not detected in the nasal lavage fluid collected during the nasal provocation test with capsaicin or house dust mite allergen. We cannot speculate about the mechanism of eosinophil activation after capsaicin exposure in this patient, but a non-IgE mediated response may be involved.
In conclusion, we report the first published case of OR induced by capsaicin, as confirmed by a nasal provocation test, in a pepper mill worker.
